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Nutritional formula for optimal gut barrier function 
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The present invention pertains to a composition for inducing a pattern of gut barrier maturation 
smnlar to that observed with breast feeding and able to improve gut barrier maturation e g 
dunng neonatal stress. In particular, the present invention relates to an infant formula containing 
a combmation of specific ingredients designed to provide a synergistic effect all along 
gastromtestinal tract and barrier function. 

Background of the mven'tion 

During the postnatal development, Ihe newborn intestine experiencesaprocess^ 
ends by Ihe estabUshment of a functional barrier to macromolecules and pathogenic bacteria. 
Tins phenomenon is called gut closure and appears to be affected by the diet. Hence, different 
studies with infants (JPGN, 1995, 21: 383-6) and animal models (Pediatr Res 1990 28- 31 7) 
show that the maturation of the barrier is faster in breast-fed than in formula-fed newl^oms Tins 
could explam the higher prevalence of allergy and infection in infants fed formula lhan in those 
fed with mother milk. 

An in^dve number of di£fe«n, mechanisms integrst. this bam«. mech»isms fliat act 
sj^rgistioaUy to prot«=t tte hos. ftom fte taninal aggressions. Hie first barrier consists on fl>e 
mteslmal epifheUmn, a continuom monolayer of cohmmar epitheUal cells sealed together by 
ptotein complexes, such as tte tight juncdons. The second is a non-specific barrier composed by 
mechanisms that protect the m^l surfece as saUva, gastric acidity, mucus layer, proteolytic 
digeshon. alkaline hitestinal pH, unstirred layer and intestinal peristalsis. The gut immune system 
(GALT) .s able to respond selectively and specifically to the foreign molecules and pathogen 
microorganisms. FinaUy, and not less in^rtant, intestinal flora directly and indirectly ptotect 
agamst host invasion by pathogens and maoomolecules with antigenic properties 
Moreover, physical stress due fer instance to antibiotherapy, disease or surgety and psychological 
stress md»=ed fcr instance by hospitalization or prolonged separation fiom Ihe mother, common 
situations in the pret«m infint population, may impair further the maftiration of the intestinal 
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barrier and delay closure. Therefore, microbial flora has shown to affect the status of various 
mechanisms of the intestinal barrier (mucus layer, tight junctions) and both physical and 
psychological stress has been related to increased penneabihty to macromolecules. smaU solutes 
and bacteria. 

In the art several means have been proposed to improve gut barrier function or gastrointestinal 
health in infants. For example, in US 6132710, purified Lactobacillus saUvarius and 
Lactobacillus plantarum strains are administered to preterm infants to prevent injury caused by 
infection and inflammation to mucosal tissue, especially by nasogastric administmtion to prevent 
gastrointestinal tissue injury in neonatal necrotizing enterocohtis. 

Also. JP 5030942 provides a food and drink containing active component of milk fet globule 
membrane (MFC3M), which can control permeabiUty of high molecular substances, such as 
protein, ttrough intestine vessel. It is useful for prevention and therapy of food aUergic disease. 

As regards to gut barrier immunity, WO 9700078 provides a protein hydrolysate for down- 
regulating hypersensitivity reactions and for promoting the gut immune barrier, which is made by 
hydrolyzing proteins with: (a) enzymes derived from a preparation containing probiotic 
gastrointestinal bacteria and (ii) a protease system similar to that of Lactobacillus GG and (b) 
pepsin and/or trypsin. 

Though those microorganisms or ingredieats bring about a great potential of beneficial effects for 
the individual mcorporating Ihem, a disadvantage resides in that said microorganisms or 
ingredients only exert their effect in limited parts of the intestine and on individual mechanisms 
of the intestinal barrier. 

Therefore, an object of the present invention resides in obviating the disadvantages of the prior 
art and providing improved means to promote simultaneous maturation of various mechanisms 
of the gut barrier and this all along the intestine during formula feedmg, in order to induce a 
pattern of gut barrier maturation similar to that observed with breast-feeding. 
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^ ^ ^^^^^ 

b.o«.ve ^„t» fl^ oan b. .socited .„ a to deUver at leaat one of 

said mgredients aU along the intestine. 

Hese specific combi„a«ons of i,^edien.s eon,prise at least one substat^e selected Irom tl» 
^up consisting of specific fats (gangUosides. U>POTAs) or noiMUgestible carbob^ ^ch 

as oligosaccharides, for example. 

Ibe specific nucroorganistna according to tbe present invention .ha. may be ased as par, of the 

ocn^»^onsferdeUveringsaidsubstanc.aable.oin,p™ve,begutbam^ 

par^ of *e gastrointestinal tract thereof Ibe nlctocganisn. differing in their abiUty to survive 

m the drfiferent parts of the gastrc-intestinal tract can be incorporated in a cocktaU. Some of said 

substances can be added to the microot^sm cociCaU in order to .einforce their effects by 

«-»-«ng the masnation of banier mechanisms di^rent to those stimulated by the 

microorganisms. 



•Ihese combinations of ingredients could be inctoded in protean and starter inftnt ibtmulas «.at 
by unproving barrier maan«ion could also reduce the tisk of auetsy and infecti«u 

Ita. according to the present invendon. a nuMtional formula desired for improving gut ba^er 
—on and an optima, barrier toction in infints. comprises one of the above combinations 
of n^^ts. associated with at least one microorganism, supplemented in an amount efficient 
to mdnce apattem of gut barrier maturation similar ,„ that observed ™ttr breast-feeding. 

A tether object of the present invention relates to the nse of snch specific ingredient 
combmanons to improve g„, barrier mahrraiion and barrier function in infimts. thus reducing the 

nsk of developing aUergy and infection. 
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M anofter embodtoe^ tte present tavcrtion to fl« ^ ome said ing,«lie^ 

the gut bam«: homeostasis imng the suddiag p«iod in healthy infents and in those suffering 

from physical or psychological stress. 

m a last a^ fl,e invention provides a method for in,pr„ving gut barrier maturation and an 
opamal barrier function in infants, comprising the step of administering to the individual a 
combmation of at least one ingredient selected ftom the group consisting of specific ftts or non 
digestible oUgosaccharides said ingredients being associated wia. at least one microorganism. 

DetaiUed description of the invention 

In tte Mowing description, the term •■U.w birth weight (LBW) formula" means formula 
specifically designed for feeding the ISW inftnt The LBW inftnt is defined as an infant 
wei^ l«s to 2500 g at birft. This infent may be either a "premature" infant (i e bom 
before the 37» week of gestation) or a "small-for-date" infant (i.e. an infant bom between .he. 
37 and 41st week of gestation but showing a retarded intra-uterine growth). He LBW fommla 
can be used as soon as enteral feeding is possible and m,tU the LBW in&nt achieves a bo*r 
wcght similar to the birth weight of fuU-tema inftnt (2500 g- 4000 g) or for the flmher weeks 
until 5000 g. 

The term "Starter formula" means formula specifically designed for feeding infants during the 
first 4-6 months of life and fiJfiUing the totality of their nutritional requirements. 

According to a first aspect, the foUowing substances may be part of the combination which can 
nnprove barrier maturation all along the intestine during formula feeding: 

- Non-digestible carbohydrates, such as fructo-oligosaccharides (FOS). galacto- 
ohgosaccharides (GOS), inuhn. Arabic gum. xylo-oUgosaccharides. resistant starch 
and the hke and 

- LC-PUFA, such as arachidonic acid (AA) or docosahexanoic acid (DHA) 
and optionally 

- Human milk oUgosaccharides, such as sialyllactose and/or 

- GangUosidessuchasthosecontainedindelactosedwheyfiom buffalo milk, and'or 
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- ^-"'"^t™ factions. «.h.saeid.reane.<. ^cellar casein. aoid.swe«„ 
ultra whey, &t globules mmtones and the like, and/or 

- ^veh5*olys«l protein, such as those obtained ftom Whey protein hydrolysis 
and/or ^ ' 

- Polyannnes such as sper^ne or spennidine and/or one or mo« polya^ precursors. 

in particular omithin and arginine 

Pref^bly. non-digestible carbohydrates naay be selec.«. in the group of ftucto-oUgosaccharide^ 
galacto-ohgosaccharides. sialo-oHgosaccharldes. xylo^ligosaccharidcs. inuBn. arable gun, gua^ 
^J^T oH^-charides and be added to fl.e nlcooJL 

co^ar. One or More of ti.ese c«. be used in the total doses of ton about 0.0. to 5 g/100 nd 
snd preferably l-a g/100 nd. A n^ „f ^ „ n».e carbohydrates n.y be used, each 
ca*ohydrate ranging between the 5% to 95% of the carbohydrate nnxture. 

particular lipids may be nsed For instance, an effective anroun. of at leas, one n.6 

C20 o C22 n-6 fetty acd and one C20 or C22 n-3 fa«y acid, the C20 or C22. ..6 fetiy acid is 
present .n a total anroun, „f about 0.01 .o 6.0% by weigh, of aU ft«y acids in c^nposition 
preferably .n a toManaoun. of 0.1 to !%• ^ C20 or C22 n-3 fttty acid is include, in a total' 
amount of about 0.0. to about 6.0% by weight of all «y acids in the con,H»ition. preferably in 
a toM an^oun. of 0.. U. Preferably. d» n-6 po.y™,sati.rated *«y acid used in tire presL 
invention is arachidonic acid (AA C^n-A « jci +1,0, 

nic acra (AA. C20.4 n-«) and tile n-3 polyunsatarated fatty acid used in flie 

^ mvention is docosahexanoic acid (DHA. C22:6. n.3). The effective AA: DHA ratio is 
*ou 1: . to2.5: 1. and preferably 1 te 2: The source of tire LC-POTAnu.y be egg Hpids 
ftngal oil. low BPA fish oil. algal oil. etc. X egg hpids. 

OangHosides. a second class of Bpids. n^ also be added te tire cn*inati«. of ingredients, fer 
^le n. an aurount of flon. abou. 1-20 microMol/L formula, andpreferably 6-15 nncroMol/L 
Tire source of gangUosides may be cow's mil^ coWs colostnun. but preferably buffldo's milk.' 
mdk serum or colosti™. goafs milk, colostrum or serum and/or dedvatives of eith« 
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The combination may also contain polyamines. in particular spermidine, spemiine, or putrescine 
and/or one or more polyamine precursors, in particular omithin and arginine. They can be used in 
an amount of about 10 to 2,000 microg/100 g soUd formula. The polyamine is preferably at least 
two or more selected fiom the group consisting of spermine, spermidine, putrescine and 
cadaverine. Preferably the conqjosition comprises about 10-90% of spermine, 10-90% of 
spermidine, 0-90% of putrescine and 0-20% of cadaverine. 

Preferably, the milk fractions (enriched in growth factors) may be in the form of fat globule 
membrane proteins, acid, remiet or micellar casein, acid, sweet or ultra whey, whey protein 
hydrolysates, for example. They can be used in an amount of about 0.01 to 7 g /lOO ml formula, 
and preferably 0.5-3 g/100 ml. 

According to another aspect, any or several of the former substances may be associated wiUi 
microorganisms, as delivering agents. 

The microorganisms to be used contain at least one substance the release thereof at the specific 
location will result in a beneficial effect on the barrier maturation. The microorganisms to be 
used can be specificaUy designed, treated or modified to ensure the release at the specific 
location. 

Examples for a specific deUvery to the small intestine are e.g. substances that interact locally 
with the mucus layer of the host, aggregate pathogens and feciUtate their elimination by mucus 
flushing substances. e.g. substances that complex macromolecules and reduce their abiHty to 
permeate, e.g. enzjones that have the property to digest pathogen virulence factors (such as 
enterotoxins). Examples for a delivery to the colon are e.g. substances that have detoxifying 
properties, substances that have the potential to control the motiUty pattern of specific gut 
portions, substances that have the potential to favor intestinal cell differentiation, such as 
polyamines, substances tbat have the potential to increase innate immunily or substances that 
have the potential to restore the mucus layer integrity. 

In order to provide a microorganism containing one or more substances of interest any 
microorganism may be selected, that inhererrtly expresses such substances. Since the 
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mioroorga,^„« are deapied to release tteir tataceU^lar matohl ineludtag a» beneficial 
substace(s) a. a apecific location of the gut a aecr«ion of fl« subatax^ into fl.e eoviromneot is 
not required. On the contrary, according to the present invention the substance will be present in 
hi^er amounts a. the predet«n>ined location, since essentiaUy aU of the microorg^sm utilized 
win lyse and release fte substance there. To this «,d, the corresponding microorganisms already 
contaming the respective substance may optionaUy be pretreated in a manner appropriate to 
deUver the substance up a certain desired location of the gut and may be administered to a 
rectprent, wheteupon they wiU lysc at the respective location in the gut depending on the sort of 
pretreatment. 

This is a great advantage as con^ared to fl« common use of p^biotics. wherein beneficial 
substances are primarily released by means of secretion into the environment. Accotding to the 
present mvention the microorganism utilized will release all of its beneficial cargo essentiaUy at 
the same time When driving „ the location of the gut. where it is designed to lyse. In addition, 
the «no«nt of a.e corresponding substance to be deKvered to a m>ipient may also be more 
J»operly controBed. since a given amomit of the microorganism to be used will be administeted 
with the content of Oie substance of interest being by and large known. 

In order to increase the amount of tire said substances to be delivered by flie microorganism 
common techniques may be used, such as applying particular tentative conations or 
geneticaUy modi^ ti,e microorganism itsel« by e.g. subjecting the micKKnganisms to a 
random mutagenesis and selecting ttose mutants e^f^g a hi^er amount of the desired 
substance. Yet, also recombinant means may be ^plied, wherein the expression of tire 
«^genous gene is increased by e.g. linking tire corresponding gene wifl. a promoter stronger 
th«, ttie endogenous <«e. or by inserting tire gene or genes encoding tire substance(s) of interest 
mto flie micoorganism on a plasmid or into the chromosome thereof; optionally linked witir a 
strong promoter that drives a,e expression of ti>e gene(s) of interest such fl.at fl«, recombinant 
microorganism will contam higha- amounts of Uie desired substance. 

Depending on flie nature and duration of the pretieatment tile endurance of ttie microorganism 
i.e. Its survival in flie gastrointestinal tract may be established, with potential locations of 
■Jehvery bemg flie stomach, flie duodemmi, the jqunum, tiie ileum or flie colon Tbo 
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microorganisms to be added in the present formula may be selected from the ^up consisting of 
Lactobacilli, Bifidobacteria, Streptococci, Pediococci. Enterococci. Lactococci, Oenococci 
Staphylococci. Bacteroides, Yeasts or mixtures thereof Preferred examples of such 
microorganisms are Bad 4. B128. B129, Lactobacaius Jonhsonn or Lactobacillus paracasei 
STll. all of which are freely available from Depository Institutes under the accession numbers 
CNCM 1-2168, CNCM 1-2169. CNCM 1-2170. CNCM 1-1225 and CNCM 1-2116. respectively. 
Also, Streptococcus thermophUus (TH4) or Bifidobacterium lactis (Bbl2 (ATCC27536)) maybe 
used. They are provided by Hansen (Chr. Hansen A/S. 10-12 Boege Alle. P.O. Box 407 DK- 

2970 Hoershohn. Danemark). Also Bifidobacterium longum BB536 a>rovided by Morinagai may 

be used 



10 be used. 



Once a microorgamm has be« sel«ted and optionally pi«r.ated. said microorganism may be 
mclud«i in a DBW. starter foMow-op formula, or in a baby food as a powder obtained by 
fieeze- or spmy-d-ying, for example in an amonnt of flcm 10= - 10" cfWlOO g, depending on the 
15 nature «f fb. substance to be deUvered and the amount of the substance contained in the 
respective mica-oorgauisms. 

The above ingredients are conveniently administered in form of a product acceptable to the 
consumer, such as an ingestable carrier or support, respectively. Examples for such carrier, or 
20 supports are a pharmaceutical or a food or petfood composition. Non-limiting examples for such 
compositions are milk, yogurt, curd, cheese, femierxted milks, milk based fermented products 
fermented cereal based products, milk based powders, infant formula, Hquid bacteriai 
suspensions, dried oral siq,plement, wet oi^ supplement, dry tube feeding or wet tube feeding. 

25 The nutritional compositions are preferably in the form of a complete diet such that, when used 
as the sole source of nutrition, essentially covers all daily energy, nitrogen, Upid. vitamin, 
mmeral and trace elements. However, the nutritional composition may also be in the form of a 
supplement. 

30 In a preferred embodiment, the present invention provides an infint fonnula. which may be in the 
form of a low birfl, wei^ or a starter into fonmUa. fcr example. It may comprise apart the 
oombmation of speoifio ing«^ents as motioned above, a proteir, soun=e. a carbohydrate source 
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The source of protein may be any suitable dietary protein; for example animal proteins (such as 
nulk proteins, meat proteins and egg proteins), vegetable proteins (such as soy, wheat, rice or pea 
pioteins). mixtures office amino acids, or combination thereof Milk proteins such as casein 
whey proteins and soy proteins are particularly preferred. In aprefeixed embodiment, the protein 
source comprises about 1.8 to about 4 grams per 100 kcal of formula. 

If the formula includes a fat source, the fat source preferably provides about 50/0 to about 55% of 
the energy of the nutritional formula; or about 3 to 7 grams per 100 kcal of formula; The lipids 
makmg up the fat source may be any suitable fat or fat mixture. Vegetable fats are particularly 
suitable; for example soy oil. pahn oil. coconut oil. safflower oil. sunflower oil. com oil. canola 
oU. leciflrins. and llie like. Animal Ms such as milk fate may also be added if desired. 

If the formula includes a carbohydrate source, the carbohydrate source preferably provides about 
40% to about 80O/O of the energy of the nutritional formula or about 6 grams to about 15 grams 
per lOO kcal of formula, for example. Any suitable carbohydrates may be used, for exanq,le 
sucrose, lactose, glucose, fructose, com symp soUds. and maltodextrins. and mixtures thereof 
Suitable vitamins and minerals may be included in the nutritional formula in the usual mamier to 
meet the appropriate guidelines. One or more food grade emulsifiers may be incorporated into 
the nutntronal fomiula if desired; for example diacetjd-tartaric acid esters of mono^glycerides 
lecithin and mono- and di-glycerides. Similarly suitable salts and stabilisers may be included. 

Tids fomiula is preferably enterally administrable; for example in the form of a powder a Uquid 
concentrate, or a ready-to-drink beverage. It may be prepared in any suitable manner, for 
example, by blending together the source of dietary protein, the carbohydrate source, and the fat 
source in appropriate proportions. If used, the emulsifiers may be included in the blend IHe 
vitamins and minerals may be added at this point but are usually added later to avoid thermal 
degradation. Any UpophiHc vitamins, emulsifiers and the like may be dissolved into the fet 
source prior to blending. Water, preferably water that has been subjected to reverse osmosis, may 
then be mixed in to fomi a Uquid mixture. The temperature of the water is conveniently about 
50OC to about BQOC to aid dispersal of the ingredients. CommerciaUy available Uquefiers may be 
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used to form the Uquid mixture. The Uquid mixture is then homogenized; for example 



in two 



The Uquid mixture may then be themially treated to reduce bacterial loads. For example, the 
Uquid mixture may be rapidly heated to a temperature in the range of about 80°C to about 150°C 
for about 5 seconds to about 5 minutes. This may be carried out by steam injection, autoclave or 
by heat exchanger; for example a plate heat exchanger. The Uquid mixture may then be cooled to 
about 60OC to about 85°C; for example by flash cooUng. The liquid mixture may then be again 
homogenized; for example in two stages at about 7 MPa to about 40 MPa in the first stage and 
about 2 MPa to about 14 MPa in the second stage. The homogenized mixture may then be further 
cooled to add any heat sensitive components; such as vitamins and minerals. The pH and soUds 
content of the homogenized mixture is conveniently standardized at this point 

If it is desired to produce a powdered nutritional formula, the homogenized mixture is transferred 
to a suitable drying apparatus such as a spray drier or freeze drier and converted to powder. The 
powder should have a moisture content of less than about 5% by weight. 

If it is desired to produce a Uquid formula, the homogenized mixture is preferably aseptically 
filled into suitable containers. Aseptic fiUing of the containers maybe carried out by pre-heating 
the homogenized mixture (for example Ix, about 75 to 85°C) and flien injecting steam into the 
homogenized mixture to raise the temperature to about 140 to IdO^C; for example at about 
150°C. The homogenized mixture may then be cooled, for example by flash cooUng. to a 
temperature of about 75 to 85«C. The homogenized mixture may then be homogenized, finther 
cooled to about room temperature and filled into containers. Suitable apparatus for carrying out 
aseptic fiUing of this nature is commercially available. The Uquid formula may be in the form of 
a ready to feed formula having a soUds content of about 10 to about 14% by weight or may be in 
the form of a concentrate; usually of soUds content of about 20 to about 26% by weight. Flavors 
may be added to the liquid formulas so that the formulas are provided in the fonn of convenient, 
flavorsome, ready-to-drink beverages. 



This composition may be particularly designed for healthy infants, infants suffering from gut 
microflora alterations, such as after antibiotic lieatmeht and, infants suffering from physical and 
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psychological stress resulting, for example, from disease, surgery, hospitalizatior, prolonged 
sq,aration from the mother, in order to improve gut barrier maturation and thus reduce the risk of 
allergy and infection. Hxe amount of the formula required to be fed to ihe infant will vary 
dependmg upon factors such as the infant's condition, tiie infant's body weight. Ibe age of the 
5 mfent. and whether the formula is the sole source of nutrition, m general, sufficient of the 
nutritional composition is administered to provide the infant with about 1 g protein to about 4 0 g 
protem per kg of body weight per day supplemented with the ingredients according to tiae present 
mveution m tixe amounts as indicated above. If tixe nutiitional composition is used as a 
supplement to otiier foods, tiae amount of tire nutiitional composition ti^t is administered daily 
1 0 may be decreased accordingly. 

The following non-limiting examples further iUustiate flie invention. They are preceeded by a 
brief description of the Figures. 

15 Figure 1 represents plasma concentiation of FITC-dextian (A) and HRP (B) in handled (NS-) or 
matemaUy deprived rats (MS) at PND 36 fed witir eitiier control (-C) or supplemented (-S) diets 
Plasma was collected 150 min after administration of tixe permeability probe solution by 
mtragastiic gavage. Mean ± SEM of 8 animals is shown. Different letters indicate significant 
differences Qj<0.05). 

20 

Example 1: Effects of LC-PUFA, Lactobacillus paracasei CNCM 1-2116 and FOS/GOS on 
intestinal permeability. 

The specific effects of neonatal stiress on flie intestinal barrier are starting to be documented 
25 Different stirdies in rats showed fl,at intermittent maternal deprivation during tiie neonatal period 
results in higher intestinal pemieability at weaning and later in Ufe. Witii tinis stiidy, we intended 
to assess tiie effect of feeding a diet supplemented witii a blend of LC-PUFA, probiotic bacteria 
and non-digestible oligosaccharides on intestinal pemieabiUty of young rats that suffered a 
maternal deprivation protocol during tire neonatal period. 
30 Metiiods: 



Animals 
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Pmmparous time-pregaant female Long-Evans Hooded rats were purchased from Janvier 
(France), arriving to our animal care feciUty on gestational day 12. They were individually 
housed tiU delivery under constant temperature and humidity, and maintained on a 1212 
dark:hght cycle. Food and water were provided ad libitum. Housing conditions were kept for all 
the duration of the protocol. 

One day after deUvery (postnatal day 2 - PND2), dams were removed from their maternity cages 
and the sex of the pups was determined. Standardized litters of 8 male p^^s were randomly 
assigned for fostering. 



10 Neonatal stress 

The dams and their pups were assigned to one of two rearing conditions: 1) maternal separation 
groups, exposed to a 180 min period of daily maternal separation on PND 2 to 14 (MS) or 2) 
handled controls, exposed to daily manipulation (weighing and 15 min handling) but Lot to 
maternal separation (NS). 

15 At 9 am, the dams were removed from their home cage and kept in waiting cages throughout the 
3 hrs separation period (MS dams) or 15 min handling period (NS dams). Each MS Utter was 
removed from the nest, weighed, and placed as a group in an isolation cage in aa adjacent room 
Tho isolation cages were kq,t at 32.0 ± 0.5 «>C. At the end of the separation period pups were 
letumed to their home cage and roUed in the soiled bedding before reuniting them with their 

10 foster mother. Utters from the NS groups were treated similarly but instead the 3 hours 
separation period, they were gently handled for 15 min. 

Fifty percent of the soiled bedding of the home cage was r^laced with clean bedding once a 
week. 



25 



30 



Experimental protocol 

Pups were definitely separated from thek foster mothers at PND 15. At that time, the p^s from 
each group were randomized by weight and distributed into 2 groins of MS and 2 groups of NS 
ammals. The pups from each of those four groups were housed together (8 animals/cage) up to 
PND 21. Then, they were individually housed until the end of the study. 

From PND 15 to PND 36, animals received eiflier control (groups MS-C and NS-C) or 
supplemented (groups MS-S and NS-S) diet ad Ubitum. Diet was replaced by a fresh batch every 
morning. 
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BW penneabiUty probe solution by irtr. gastric gavage. The solution contained 100 mgtol 
HTCDextran 70 KDa (Sigma FD-TOS) and 20 mgtol horseradish peroxidase (type n HRP 
SigmaP8250) " nKr, 

At sacrifice, animals were anesthetized with isoflurane. Blood was sampled at the do«al aorta. 
Plasma was obtaned by cenWfhgation and used within hours fer fte analysis of Are permeabiHty 
probes 

Diets 

Ax^s were fed fiom PNDIS till PND 36 with nutritionally adapted semisynthetic diets 
(modified AM 93 G) whose composition is shown in table 1. Supplemented (S) diet contained 
the foUowmg functional ingredients: Lactobacillus paracasei CNCM 1-2116 (so called STll) (x 
10 STll 100 g diet); 0.4 g/100 g diet fructo-oUgosaccharides (FOS, Raftiline HP, Orafti SA 
Belgium), 3.6 g/100 g diet galacto-oUgosaccharides (GOS, Vivinal COS 10, Borculo Domo 
Ingredients, IHe Netherlands), 2 g/100 g fatty acids Arachidonic acid (AA, ARASCO Martek 
USA), and 2 g/100 g fetty acids docosahexaenoic acid (DHA, DHASCO, Martek, USA) Control' 
(C) diet contained fiesh MRS - replacing STll -, maltodextrin (Glucidex D12, Roquette Freres 
France) and lactose (Fluka. 61340) - instead of the oligosaccharides -and increased proportion of 
cocoa butter and com oil - replacing DHASCO and ARASCO. 

Fresh batches of diets were prepared every week, distributed in daily doses, which were 
conditioned in aluminium bags under atmosphere and negative pressure and fiozen at -2000 
until use. 



Table 1. Composition of the diets. 
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K-caselnate (g) 
Corn Starch (g) 
Maltodextrin (g) 
Sucrose (g) 
Lactose (g) 
Raftilin HP (g) 
Vivinal GOS 10 (g) 

Fat mix (g) (see below for composition) 
Mineral mixture (AIN-93-G) (g) 
Vitamine mixture (AiN-93-VX) (g) 
L-Cysteine (g) 

Cholinhydrogentartrate DAB 10 fa) 
MRS (ml) 

ST11 culture (5x10^° cfu/ml) (ml) 



Control diet Supplemented diet 

(per 100 q diet) 



20.00 
32.95 
20.74 
10.00 
4.26 



7.00 
3.50 
1.00 
0.30 
0.25 
0.80 



Fat mix 

Soybean oil 
Trisun 80 
Cocoa butter 
Com oil 
ARASCO 
DHASCO 



25.12 

30.26 
44.63 



g/IOOqfatmix 



20.00 
32.95 
12.58 
10.00 

0.42 
12.00 
7.00 
3.50 
1.00 
0.30 
0.25 

0.8 



26.44 
2.59 
27.12 
34.22 
4.70 
4.93 



PenBeabiUty probes were analysed in plasma of the animals. FTrC-dextr^n concentration was 
assessed in a fluorimeter at ^ 485nm/^em 535 nm. HRP was analysed using Tm substx^e 
(Sigma T0440), and measuring OD of the reaction product at 340 nm. 

Statistics 

Data are expressed as mean ± SEM. The nonnality and homoscedasticity of the data were 
checked in each group. Comparisons were done by two-way ANOVA (two factors: neonatal 

stress and diet) foUowedbyaFisherl^t Significant Difference (LSD)to assess the ^^^^^ 
between the groups. 



Results 



Results are shown in Figure 1. As expected, the concentration of dextran and HRP was or tended 
to be higher in the animals having suffered the maternal deprivation protocol (MS-C vs NS-Q 
Conversely, MS animals fed with the supplemented diet showed dextran and HRP concentration 
that was or tended to be lower than that found in MS animals fed the control diet (MS-S vs MS- 
C) and not significantly different fiom the animals that did not suffered the neonatal stress 
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We concluded that maternal separation increases in rats ihe intestinal penneabilityto proteins and 
other macromolecules and that a blend of functional ingredients containing LC-PUFA. 
oUgosaccharides and one lactobacillus restores the intestinal penneabiUty to nonnal levels. 

Example 2: Formula for low-birth-weight infants 

Tlie fonnula has the following composition (per 100 g of powder): total fet 24g. total protein 
14.4 g, total carbohydrates 55.9 g, AA enriched oil (fimgal) 0.87g, DHA emiched oil (Low EPA 
fish oil) 0.44g, FOS/inuUn (70/30) 12g, S. thermophUus Th4 (Chris Hansen) (freeze-dry powder, 
10E12 cfii/g) O.lg, B. lactis ATCC 27536 (freeze-diy powder, 5xlOE12 cfu/g) 0.15& 
Spennine/Spemiidine mix (1/1) O.lmg, Sodium 180 mg. Potassium 530 mg. Chloride 280 mg! 
Phosphorus 320 mg. Calcium 490 mg. Magnesimn 54 mg. Manganese 34 ^g. Vitamin A 1500 
lU, Vitamin D 490 lU, Vitamin E 9.8 lU, Vitamin C 79 mg. Vitamin Kl 59 ^tg. Vitamin Bl 0.29 
mg. Vitamm B2 0.66 mg. Vitamin B6 0.37 mg. Niacin 4.9 mg, FoUc acid 290 ^tg. Pantothenic 
acid 2.3 mg. Vitamin B12 1.1 Hg, Biotin 11 ^g, Choline 37 mg. Inositol 22 mg. Taurine 39 mg. 
Carnitine 7.9 mg. Iron 7.4 mg. Iodine 49 pig. Copper 0.44 mg and Zinc 3.7 mg. 

The fomiula is reconstituted by mixing 142 g of powder to 900 mL of water to give 1 L of ready- 
to-drink preparation. The composition given above can vary to accommodate for local directives 
concerning the amounts of specific ingredients. Other faace elements (e.g. selenium, chromium, 
molybdenum, fluoride) may be added in adequate amount accordmg to age. 

Example 3: starter formula 

A starter formula for infants (firom birth to 4-5 months), in powder form is prepared. The formula 
has the following composition (per 100 g of powder): total fat 25.8 g, total protein 11.5 g, total 
carbohydrates 57.8 g. AA emiched oil (fimgal) Ig, DHA enriched oil (Low EPA fish oil) Ig, 
FOS/inulin (70/30) 12g, L. paracasei CNCM 1-2116 (Spray-dry powder, 10E12 cfii/g) O.lg, B. 
longun BB536 (Moiinaga) (Spray-dry powder. 5xlOE12 cfii/g) O.lg, Sodium 120 mg. Potassium 
460 mg. Chloride 360 mg. Phosphorus 160 mg. Calcium 320 mg, Magnesimn 35 mg. Manganese 
40 ^g. Vitamin A 1500 lU, Vitamin D 3 10 lU, Vitamin E 6. 1 lU, Vitamin C 41 mg. Vitamin Kl 
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42 ng. Vitamin Bl 0.31 mg. Vitamin B2 0.69 mg. Vitamin B6 0.38 mg. Niacin 3.8 mg, FoUc 
acid 46 ng. Pantothenic acid 2.3 mg, Vitamin B12 1.1 jig, Biotin 11 jig, Oioline 38 mg. Inositol 
23 mg. Taurine 41 mg. Carnitine 8.2 mg. Iron 6.1 mg. Iodine 25 ng. Copper 0.31 mg and Zinc 
3.8 mg. 

The formula is reconstituted by mixing 132 g of powder to 900 mL of water to give 1 L of ready- 
to-drink preparation. The composition given above can vary to accommodate for local directives 
concerning the amounts of specific ingredients. Other trace elements (e.g. selenium, chromium, 
molybdenum, fluoride) maybe added in adequate amount according to age. 

Example 4: starter infant formula 
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A starter formula for infants is prepared as in example 3, but replacing FOS/inulin by sialyl- 
lactose in an amount of 0.5 g. In this formula, half of the total protein will be furnished in the 
form of extensive whey protein hydrolyzate. 



